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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 
sent inventioi 



The present invention relates to a display device, and^ 



more particularly^ toj| a liquid crystal display device^. ^^xd^ 
An active matrix type liquid crystal display device is, 



for example, configured such that^on one substrate of a pair 
of substrates^hich sandwichja liquid crystal layerjtherebetwee„, % 



a plurality of scanning signal lines, a plurality of video signal 
lines which cross the plurality of scanning signal lines^and 
a plurality of pixels arranged in a matrix array (are formed). 
Each one of the plurality of pixels includes a switching element 
which is driven by{th ^scanning signal line and a pixel electrode^ 
to which video signals are supplied f romfthejjvideo signal line 
through the switching element. A counter electrode is formed 
on another substrate (ou£) of (^jpair of substrates. [%state of /^ 
light which^asses through the liquid crystal layer is controlled 
by driving^ liquid crystal using electric fields generated 
between the counter electrode and the pixel electrodes^ thus 
^ £perf ormingj display of images. 

Since the ^(liquid crystal display device is not a 
self-luminous type display device, an auxiliary light source 
unit is provided f or^akingj'light (ln)f rom the outside of (^liquid 
crystal display panel. As one example, there (has bee^known 
a liquid crystal display device in which a backlight is arranged 



^ JL^J CAsy&J 

on a side opposite to a display screen side (observer side) A 
^and aj^liquid crystal display panel is illuminated f rom ja^ack 
surface thereof. H ^^J ^> 

r<|, when light irradiated from the backlight leaks from 
a portion of a gap defined between jthe} neighboring pixel 
electrodes and an observer observes the leaked light, the 
contrast is lowered and the image quality is degraded, 

Further,jyparasitic capacitance is generated between the 
video signal line and the pixel electrode. When this parasitic 
capacitance is large, a phenomenon which is referred to as a 
vertical smear (also referred to as "vertical crosstalk") 
becomes apparent and affects the image quality. This. vertical 
smear is a phenomenon in which^whenjdisplay is(madeQas a white 
display window or a black display window^ while adopting a half 
tone display as a background, the level of the half tone display 
at portions of the background at upper and lower sides (vertical 
*■ direction) of the window is shifted either in the white display 
direction or in the black display directiorv^and these portions 
become different from portions of the background which have 
no window in color. 

As^(the prior art which caj solve such a drawback, a 
technique^disclosed in Japanese Unexamined Patent Publication 



209041/2001 (hereinafter referred to as "[prior arj l")^and a 
techniqueJ^disclosed in Japanese Unexamined Patent Publication 
151699/2002 (hereinafter referred to as "jgrior art^2 " ) (are named/. 
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Jl/J^V^-^ ^^^^^ 

Fig. 15 is afftlan view] of a pixel portion jshowing the 
Schematic) constitution of thej(prior art}l. Further, Fig. 16 
is a cross-sectional view taken along a line E-E 1 in Fig. 15. 
Here, in Fig. 15 and Fig. 16, to facilitate [thgjunder standing 

fejU^ jUaJU-J^ fuM^t^, 

of the (schematic) constitution of the^jprior ar€) 1, the 
{constitutionals simplified by omitting or modifying some 
constituent elements . 

In Fig. 15, a video signal line (data line) DL has a portion 
thereof ^ overlapj#(0i (Eo)^the pixel electrode PX. However, the 



video signal line DL has a narrow width portion^where ja)jywidth 
is narrowed at a portion cut by the. E-E 1 line and the video 
signal line DL {Is^not overlap#6«ft (teethe pixel electrode PXjas 
shown in Fig. 16. Accordingly, it is possible to reduce the 
parasitic capacitance which is generated between the video 
signal line DL and the pixel electrode Px[by way ofjja second 
insulation film IN2 . 

However, (only] with the provision of such a* (structure), 
(leaking of) light (Is generatedj^through a gap defined between 
the pixel electrode PX and the video signal line DL^and^hence, 

a light shielding film ^^^^f^^J^M^L, ' 

portion of the video signal line DLibylway offa first insulation 

film INI. By overlapping the light shielding film SLD/to the^^J-^^^ 

pixel electrodes PX, it is possible to block light which is 
A 

irradiated from a backlight and is incident from a back surface 
of (a^substrate SUBl. 
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Here, in the^jprior artj l^^he light shielding film SLD 
is formed of the same material/used for forming a storage line 
(capacitance line) STL^ which generates /storage capacitance^ ^ 
ihe light shielding film SLD and the storage line STL are 
electrically insulated from each other. Further, GT indicates 
gate electrodes and GL indicates scanning signal lines (scanning 
lines) . 

Fig. 17 is a plan view of a pixel portion showing the 
(schematic) constitution of the^prior artj 2. Also^in Fig. 17, 

to facilitate (th^understanding of the (scfiematiclponstitution 
{of the prior art JJ, the^jconstitution) is simplified by omitting 

or modifying some constituent elements. Here, constitutional 

elements corresponding to the constitutional elementsiin Fig. 

15 are givenAsame numeralsj and (their)/yrepeated explanation's)^ 

omitted. 

To compare the constitution shown in Fig. 17 with the 
constitution shown in Fig. 15, (although) thejprior arB 2 differs 
frortufthe prior arQ 1 with respect toifa point! that, ;t he width 
of the video signal line DL is fixed and[a)^shape of the pixel 
electrode PX, (the prior art 2 is] substantially equal £to th^ ^ 



(prior art 2. Since Ja5/cross-sectional view taken along.a line 
F-F ? in Fig. 17 isjfequal to\ Fig . 16, (tli^explanation(^s^pmitted. 

Thejrhost different point^lies in^that the light shielding 



film SLD^ which [is) over lap %tt& §o) the video signal line DLjis 
integrally formed with the storage line STL. Accordingly, 
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although the light shielding film SLD isjf loatingjin the jprioB^ 

<^^Tv ^^art)l, the light shielding film SLD has the same potential as 

the storage line STL in thejfprior art) 2, 

^XJX^>^><» <W^U^J-c*N ^Afcl^z*^ " pJjU-jfe^ 

However, thejprior art^l and|Ehe prior artj^2 hav^f ollowing 

drawbacks. 

In thejjprior artjl, since the light shielding film SLD 
is electrically floating, the [prior arf]jsuf f ers from another 
degradation of images^ different from fthe] vertical smear. In 
thefcrior artl 1, since the light shielding film SLD is floating, 
(along} with (§h<^change of the potential of the video signal line 



DL, the potential of the light shielding f ilmSLDfi^ also^changed. 



Here, however, there exists a case jthat^due to the influence 
of static electricity or the like, out of a plurality of light 
shielding films SLD, the potential of only some light shielding 
films SLD {Is)| suddenly change|| {irrelevant^ jto the change of 
potential of the video signal line DL. In this case, the 
potential of some corresponding pixel electrodes PX {receives^ 
the influence of this change. As a result, this may give £ise 
to a display having^gray scalesj^remarkably different f rom^gray 
scales(of a displa^ around the display^thus degrading the image 
quality of the display. 

In thejfprior ar^ 2, since the light shielding film SLD 
is held at the same potential as the storage line STL, (^phenomenon 
which occurs in the[prior ar^l does not occur. However, the 
light shielding film SLD^which over lapgJSfiftl^oJ the video signal 



) 



line DL by way of the first insulation film INI* is held at a 
fixed potentialjdif f erent f rom{a)jpotent ial of the video signal 
line DL, As a result, ^load is increased at the time of driving 
the display device by supplying video signals to the video signal 
line, the power consumption is increased^and, at the same time, 
the image quality is degraded due to rounding ofJ( waveforms . 

Accordingly, it is an object of the present invention 
to provide a display device having/improved image qualit^«Sfc. 



SUMMARY OF THE INVENTION 
. ~S> 



To achieve this ob j ect , according to the present invention, 
when conductive layers are formed along video signal lines at 
positions where the conductive layers are overlapped^to portions 
of the video signal lines £by way of an insulation f ilnj, the 
conductive layers and the video signal lines are electrically 
connected with each other. 

(On^/example of /constitutional features of the present 
invention^(ls enumerated) hereinafter. 

(1) In a liquid crystal display device which comprises 
a plurality of video signal lines and a plurality of pixel 
electrodes which are arranged in a matrix array and to which 
video signals are supplied from th^vd^deo signal lines onj^n^ 
of a pair of substrates (which sandwich^a liquid crystal layer^ 
therebetween, 

^onesubstrate includes a plurality of conductive layers 
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which are provided at positions where portions thereof are 
overlapped^ to the video signal lines by way of an insulation 
film, and 

^the respective conductive layers are electrically 
connected to the video signal lines. 

(2) In the constitution (1), a backlight is provided at 
a side of one substrate opposite to the liquid crystal layer, 
and the conductive layer prevents light from the backlight from 
leaking through a gap defined between two neighboring pixel 
electrodes . 

(3) In the constitution (1) or (2), each conductive layer 
is electrically connected to the video signal line at one point 
by way of a contact hole formed in the insulation film. 

(4) In the constitution (1) or (2), each conductive layer 
is electrically connected to the video signal line at two or 
more points by way of contact holes formed in the insulation 
film. 

(5) In a liquid crystal display device which comprises 
a plurality of scanning signal lines, a plurality of video signal 
lines which cross the plurality of scanning signal lines, and 
a plurality of pixels which are arranged in a matrix array on 
one of a pair of substrates {which sandwichjja liquid crystal 
layer ^t her ebe tween,j ^ 

^each pixel in the plurality of pixels includes a switching 
element driven by the scanning signal line and a pixel electrode 
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to which video signals are supplied from the video signal line 
through the switching element^J^ — 

^the one substrate includes opaque conductive layers at 
positions where portions thereof are overlapped/ to the video 
signal lines by way of an insulation filrr^such that the opaque 
conductive layers are arranged closer to the one substrate side 
than the video signal linesJ7)^and "*~> 

^each opaque conductive layer has a portion which has a 
width greater than^ywidth of the video signal line, each opaque 
conductive layer is partially overlapped /to both of y pixel 
electrodes of two neighboring pixels(arranging~)the video signal 

JK - l J 

line ^ therebetween, and each opaque conductive layer is 
electrically connected to the video signal line. 

(6) In the constitution (5), each opaque conductive layer 
is electrically connected to the video signal line at one point 
by way of a contact hole formed in the insulation film. 

(7) In the constitution (5), each opaque conductive layer 
is electrically connected to the video signal line at two or 
more points by way of contact holes formed in the insulation 
film. 

(8) In any one of the constitutions (5) to (7) , the video 
signal line and the opaque conductive layer are electrically 
connected to each other via a contact hole formed in the 
insulation film, and the video signal line has a larger width 
at a portion thereof corresponding to the contact hole than 
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fafyjwidth at other portions thereof. 



(9) In any one of the constitutions (5) to (8) , the video 
signal line has at least a portion which has a width equal to 
or smaller than a gap between pixel electrodes of two neighboring 
pixels which (arrange thej^video signal line ^therebetween . 

(10) In any one of the constitutions (5) to (9) , an area 
of a portion where the opaque conductive layer and the pixel 
electrode are overlapped^ to each other is larger than Jar^area 
of a portion where the video signal line and the pixel electrode 
(are] overlap^. 

(11) In any one of the constitutions (5) to (10), the 
opaque conductive layer is formed of the same material as the 
scanning signal line, 

(12) In any one of the constitutions (5) to (11), the 
liquid crystal display device includes a plurality of 
capacitance lines for forming storage capacitances in the 
respective pixels^ and the opaque conductive layers are formed 
of the same material as the capacitance lines. 

(13) In any one of the constitutions (5) to (12) , the 
opaque conductive layers are formed in independent patterns 
corresponding to a gap between two neighboring pixels. 

(14) In any one of the constitutions (5) to (13), the 
pixel electrode is a transparent electrode. 

(15) In any one of the constitutions (5) to (13), the 
pixel electrode is a reflective electrode. 
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(16) In any one of the constitutions (5) to (13), the 
pixel electrode is a reflective electrode and eachpixel includes 
a second pixel electrode which is formed of a transparent 
electrode and to which the video signals are applied. 

(17) In the constitution (16) , the opaque conductive layer 
is formed at a pos^ion where the opaque conductive layer fls] 
not overlapfflyBfl (tc^) the second pixel electrode. 

(18) In either one of the constitutions (16) and (17), 
a step portion is formed between the transparent electrode in 
a light transmitting region and the reflective electrode in 
a light reflective region, and ^thickness of the liquid crystal 
layer in the light transmitting region is greater than (ai)^f 
thickness of the liquid crystal layer in the light reflective 
region. 

(19) In any one of the constitutions (5) and (18), [a)i^ 
distance from the opaque conductive layer to the pixel electrode 

as measured in the vertical direction with respect to the 
substrate is setjgreater than ^distance from the video signal 
line to the pixel electrode as measured in the vertical direction 
with respect to the substrate. 

(20) In any one of the constitutions (5) and (19), the 

liquid crystal display device includes a backlight. 

(Tiered] The present invention is not limited to the 

^to- 
above -mentioned constitutions^andj^they can be properly modified 

without departing from the technical concept of the present 
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invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a^plan view showing one example of the {schematic} 

f- ^ 

constitution of a pixel according to \th^f irst embodiment of 
the liquid crystal display device of the present invention. 

Fig. 2 is a cross-sectional view taken along a line A- A 1 
in Fig. 1. 

Fig. 3 is a^plan view showing one example of the ^schematic] 
constitution of the pixel according to (th^jsecond embodiment 
of the liquid crystal display device of the present invention. 

Fig. 4 is a cross-sectional view taken along a line B-B f 
in Fig. 3. 

Fig. 5 is a^plan view showing one example of the^chematicT) 
constitution of the pixel according to (th^third embodiment 
of the liquid crystal display device of the present invention. 

Fig. 6 is a [vi e whs ho wing one example of a display screen 



in which [aj vertical smear is generated. 

°\ 

Fig. 7 is an equivalent circuit diagram of (the)j[pixel . 

Fig. 8 is a wavef orir^chart for explaining)signal waveforms 
in a region where (the) vertical smear is generated. 

Fig. 9 is a wavef ormj^chart for explainingjsignal waveforms 
in a region where (the) vertical smear is not generated. 

Fig. 10 is a^view showing thejwhole schematic^constitution 
of the TFT substrate in (the}^f ourth embodiment of the liquid 
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crystal display device of the present invention. 

Fig. 11 is ajvievJjphowing thejwhole schematiclconstitution 
in (th^f ifth embodiment of the liquid crystal display device 
of the present invention. 

Fig. 12 is ajplan view showing one example of the[schematicj 
constitution of {the)^pixel according to ^the)j^sixth embodiment 
of the liquid crystal display device of the present invention. 

Fig. 13 is a cross-sectional view taken along a line C 
-C in Fig. 12. 

Fig. 14 is a cross-sectional view taken along a line D' 

-D in Fig. 12. 

Fig. 15 is ajplan view of a pixel portion [for explainingj 
or| ^u^J^^^iAu p^r^^^r^J e^UL-p^*-^ X-km*-*-* 
(the schematic constitution of the prior art l). 

Fig. 16 is a cross-sectional view taken along a line E-E r 

in Fig. 15. 

Fig. 17 is ajplan view of a pixel portion ^or explainingj 

<r| ^ ij^Mr^ri^^ ^fs^^^-A <X^yiX^*A XjUt^A 

/y[the schematic constitution of the prior art 2j. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention farelw<Al 
explained in detail in conjunction with/drawings . 
[First Embodiment] 

Fig. 1 is ajplan viev^showing one example of the(schematicj 
constitution of a pixel according to (the)^f irst embodiment of 
(the^liquid crystal display device of the present invention. 
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Fig. 2 is a cross-sectional view taken along a line A-A ! in 
Fig. 1. 

As shown in Fig. 1 and Fig. 2, the liquid crystal display 
device of this embodiment includes a plurality of video signal 
lines DL and a plurality of pixel electrodes PX^which are arranged 
in a matrix array and to which video signals are supplied from 
the video signal lines D^on^ne^substrate SUB1 (out) of a pair 
of substrateSvWhich sandwich^a liquid crystal layer LC(not shown 

K 

in the drawing). The substrate SUB1 is preferably made of an 
insulating transparent material. ^(lhat i^, the substrate SUBl 
may be formed of a glass substrate or a plastic substrate. The 
counter substrate SUB2^not shown in the drawing)which constitutes 
pother substrate o^^a\pair of substrates^is formed in the same 
manner. Further , the pixel electrode PX is formed of a 
transparent electrode made of ITO (Indium Tin Oxide) or the 
like, for example. 

PrhenTl U plurality of conductive layers are formed at . . 
positions where the conductive layers have portions thereof f 
overlap|fl^(tc^j[the video signal lines DL^by way of an insulation 
film INI. These conductive layers are formed of an opaque 
materialjandj^are capable of functioning as light shielding films . 
In the drawing, the conductive layers are indicatjd^by symbol 
SLD^and, hereinafter, these conductive layers (Sre)jref erred to 
as {the} light shielding films SLD, 

Here,^ the light shielding films SLD are respectively 



13 



i 



electrically connected to (the)^video signal lines DL. 

^In this manner, when a plurality of conductive layers 
(light shielding films SLD) are formed at positions where the 
conductive layers havejportions thereof^overlapjjl^ {teethe video 
signal lines DLy^by way of the insulation film INI and j along 
the video signal lines DL, by electrically connecting the 
conductive layers (light shielding films SLD) with the video 
signal lines DL, it is possible to prevent the conductive layers 
from assuming a floating state. Further, since the potential 
of the conductive layer is not different from the potential 
of the video signal lines DL, it is possible to reducejth^increase 
of \af^Load or rounding of waveforms^ which have occurred 
conventionally at the time of driving the video signal lines 
DL^as in the case of the(prior ar^2 • Due to such a constitution, 
it is possible to provide a display having a favorable image 
quality. 

A 

In this embodiment, as a method (foi) ^electrically 
connecting the conductive layersj^and the video signal lines 
DL, an example which establishes the electric connection using iv 
contact holes CHI formed in the insulation film INl^is shownj. 
In this embodiment, each light shielding film SLD is connected 
to [the^video signal line DL at one position.--*-^ 

re, when the light shielding films SLD can be formed 
using the same material as the scanning signal lines GL, both 
of them can be formed simultaneously^and^hence, (the^ncrease 



14 



) 



} 



of the number of processing^can be prevented. Gate electrodes 
GT can be formed simultaneously with the scanning signal lines 
GL. 

In this embodiment, (th^Jpixel includes a plurality of 
storage lines STL for forming storage capacitances Cstg^not 

A 

shown in the drawing). By forming the light shielding films 

A 

SLD using the same material as the storage lines STL, they can 
be formed simultaneously! andjhence , (th^increase of the number 
of processing^can be prevented. In place of forming the storage 
capacitances Cstg using the storage lines STL, it is also 
possible to form additional capacitances Cadd by making use 
of the scanning signal lines GL of^preceding stage^and^ hence, 
the storage lines STL are not indispensable in this embodiment. 

Three components^consisting of the light shielding films 
SLD, the scanning signal lines GL and the storage lines STL^ 
can be formed simultaneously using the same material, 



^When the light shielding films SLD are formed 

simultaneously with the scanning signal lines GL and the storage 

lines STL, the light shielding films SLD cannot (get^over these 

lines. Accordingly, a plurality of light shielding films are 

formed in patterns independent from each other corresponding 

to each gap defined between two neighboring pixels. 

In a plurality of pixels which are arranged in a matrix 

array, each pixel includes a switching element (not shown in 

cv A 
the drawing) which is driven by jth^scanning signal line GL and 
A 
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(th^pixel electrode PX^to which the video signals are supplied 
from the video signal lines DL through the switching element. 
As the switching elements, for example, thin film transistors 
(TFT) or the like can be used. 

Here, it is preferable that the video signal line DL has 

A* 

(a^width Wl of at least a portion thereof set to a value equal 
to or smaller than[a)jgap defined between the pixel electrodes 
PX of two neighboring pixelsvwhich are arranged close to each 



ng pixeisvwnicn are arranged cios 



other^while sandwichingVthe video signal line DLjtherebetween . 
Due to such a constitution, the video signal line DL Ji^jnot 
overlap||^^<^the pixel electrodes PX^as indicated by^Ll in 
Fig. 2^and^hence, Aparasitic capacitances^which are generated 
by the video signal line DL, the pixel electrodes PX and a second 
insulation film IN2 disposed between the video signal line DL 
and the pixel electrodes PX^can be reducedjwhereby(th^ vertical 
smear can be reducedjas will be explained later. 

However, with the provision of only such a constitution, 
light irradiated from a backlight BL (not shown in the drawing 



leaklf through portions LI. Accordingly r (a^width W2 of the light 
shielding film SLD is set to a value greater than the width 
Wl of the video signal line DLxSUch that the portions of the 
light shielding film SLD [are) overlapjjfjjjfr (t^ both^of the pixel 
electrodes PX of two neighboring pixels.which are arranged close 



e 

therebetween v as indicated by^L2 in Fig. 2. Due to such a 



to each other* while sandwiching the video signal lines DL 



')' 
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constitution, the light shielding film SLD can prevent light 
irradiated from the backlight BL from leaking through the gap 
defined between {the)jneighboring ^Ew<^ pixel electrodes PX. 

Here, since the light shielding film SLD is electrically 
connected to the video signal line DL, (th^jparasitic capacitance 
is generated between the light shielding film SLD and the pixel 
electrode PX. However, since the light shielding film SLD is 
formed at the substrate SUBl side (by way ofj^the video signal 
line DL and^the insulation film INI, ^a)|total film thickness 
of the insulation films^with respect to the light shielding 
film SLD^is made larger than (a)^total film thickness of the 
insulation films with respect to the video signal line DL. That 
is, the distance from the light shielding film SLD to the pixel 
electrode PX^as measured in the vertical direction with respect 
to the substrate SUBl-^in the regions where the light shielding 
film SLD (i£) over lapjg^^d^the pixel electrodes PX^is set) greater 
than the distance from the video signal line DL to the pixel 
electrode PX^as measured in the vertical direction with respect 
to the substrate SUBl. In this manner, since the distance from 
the light shielding film SLD to the pixel electrodes PX is^remoteife 
than the distance from the video signal line DL to the pixel 
electrodes PX, the generation ofiparasitic capacitance can be 
suppressed. 

As described above, according to the present invention, 
it is possible to provide (the)j(di splay device having improved 
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image qualities. 
[Second Embodiment] 

Fig. 3 is a jplan viewj^howing one example of the (schematic] 
constitution of (Ehe^pixel according to (the^second embodiment 
of the liquid crystal display device of the present invention. 
Fig. 4 is a cross-sectional view taken along a line B-B 1 in 
Fig. 3. In this embodiment, parts which are common with the 



parts of the first embodiment are indicated by^same symbols^ 

and ^their)^repeated explanation^ is omitted. 

This embodiment is substantially equal to the first 

embodiment. The point which makes the second embodiment 

different from the first embodiment lies in^that fth^partial^y 

A 

transmissive pixel structure is adopted. Each pixel includes 
a ^reflective region and a /transmissive region (light 
transmitting region) in a pixel region. A reflective electrode 
PXR is formed as the pixel electrode in the/ref lective region, 
and^performs thej^ciisplay by reflecting light incident from tlj^i^ 
counter substrate SUB2 side. On the other hand, in the; 
transmissive region, a transparent electrode PXT is formed as 
a second pixel electrode to which the video signals are supplied. 
The^transmissive region is formed such that, for example, an 
opening OP1 is formed in the (^reflective electrode PXR so as 
to optically expose the transparent electrode PXT. Thw, /Eh|)^\ 
display is (perf ormedjjby allowing light from the backlight BL^ 
which is incident from the substrate SUB1 side^ to pass 
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therethrough. w , 

In Fig. 4, one example of (thejjstructure is shown. Tht* 
structure is constituted as follows. (That isTJ After forming 
the second insulation film IN2, the transparent electrode PXT 
is formed. Then, a third insulation film IN3 is formed^ and 
theVre fleet ive electrode PXR is formed over the third insulation 
film IN3. In the^transmissive region, by forming an opening 
OP2 in the third insulation film IN3, a stepped portion is formed 
between theitransmissive region and the; reflective region, so 
that (a)jthickness dt of the liquid cr y s ^- la y er LC in the /^ 
transmissive region is(se*) great e^hanCa>thickness dr of the 
liquid crystal layer LC in the Kreflective region. This 
|provis£oj^is (made);to^approximate the respective^ optical 
. characteristics of theitransmissive region and the/ref lective 
region to each other by adjusting the optical path lengths of 

ju# Mr* 

theitransmissive region and the ;ref lective region. 

In this embodiment, the transparent electrode PXT^which 
constitutes the second pixel electrode^and the light shielding 
film SLD are positioned such that they §u%not overlap!** ftp] 
each other ^ as indicated by^L3 in Fig. 4. Due to such an 
arrangement, it is possible to reduce the parasitic capacitance . 

In this embodiment, the \ reflective electrode PXR 
constitutes a portion which corresponds to the pix^el^ectrode 
PX in the first embodiment. However, (this embodiment's not 
limited to such a structure^and it is needless to say that the 
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structure ^suitably' modified such that the transparent 

electrode PXT may be used as a portion which corresponds to 

the pixel electrode PX in the first embodiment. 

In Fig. 4, one example of the structure of the counter 

substrate SUB2 is also illustrated. Over the counter substrate 

SUB2, color filters FIL, a leveling film OC and a counter 

electrode CT are formed. A common potential Vcom is supplied 

to the counter electrode CT. This structure is also adopted 
A : , 

byjpther embodimentSyLncluding the first embodiment. Although 

orientation films and polarizers are jfurthe^provided, they 
(We 

[are))( omitted from the drawing. These structures merely 
constitute one example and can be suitably modified when 
necessary. 
[Third Embodiment] 

Fig. 5 is afjplan viewj^howing one example of the (schematic] 
constitution of (Eh<|^pixel according to (th^third embodiment 
of the liquid crystal display device of the present invention. 
In this embodiment, parts which are common with the parts of 
the other embodimentSwhich have been explained heretofore are 
indicated by^same symbols^ and (thei^ A repeated explanationjis 
omitted. 

Although the basic constitution of this embodiment is 
equal to that of the first embodiment, this embodiment differs 
from the first embodiment in that the video signal line DL and 
each conductive layer (light shielding film SLD) are connected 



20 



to each other at two portions using two contact holes CHI. 

Accordingly, the video signal line DL and the light shielding 

film SLD are connected in parallel* andihence, this gives rise 

\ J J 

to an advantageous effect^that the resistance can be reduced. 
Further, even when a disconnection occurs at a portion, since 
[th^bypass is formed, it is possible to^performja display. To 
obtain these advantageous effects, it is preferable to set the 
connection portions at positions in the vicinity of the end 
portion of the light shielding film SLD [and apartjj^from each 
other^as shown in Fig. 5. 

The number of connection portions is not limited two^ and 
maybe three or more. Further, the structure of this embodiment 
is also applicable to the second embodiment. 
[Principle of generation of vertical smear and reduction of 
vertical smear] 

Fig. 6 is a ^view)/^showing one example of a display screen 
in whichjthe^vertical smear is generated. Fig . 7 is^gj^equivalent 



circuit of jth^pixel. Fig. 8 is awaveformdiagram^orexplainin^^^^ 
^a)|signal waveform in a region where (the^ vertical smear is 
generated. Fig . 9 is a waveform diagramjfor explaining ajsignal 
waveform in a region where (yie)vertical smear is not generated. 

Fig. 6 shows an example in which display regions AR1, 
AR3 a^e set to assume a half tone display of the same level 
as (a) (^backgrounds and a rectangular white display window is 
(ciisplayedj^in a display region AR2 . Originally, the display 
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regions AR1, AR3 are expected to have the same half tone level. 
However, in the display regions AR3j which are arranged above 
and below the display region AR2 (in the vertical direction) , 
the tone is shifted to the white display level [than)yt he original 
half tone level . This phenomenon is referred to as jth^ vertical 
smear. 

As shown in. Fig. 7, in the equivalent circuit of (th^pixel, 
the video signals are written in the pixel electrode PX (not 

A 

shown in the drawing) from the video signal line DL through the 

K 

thin film transistor TFT^ which constitutes a switching element 
driven by the scanning signals^from the scanning signal line 
GL. The pixel electrode PX forms^liquid crystal capacitance 
Clc between the pixel electrode PX and the counter electrode 
CTjby way of](ya liquid crystal layer LC. Further, (th§^storage 
capacitance Cstg is connected between the pixel electrode PX 
and the storage line STL^so that the voltage of the written 
video signal can be held for a relatively long time. Further, 
{th^parasitic capacitance Cds is generated between the pixel 
electrode PX and the video signal line DL. 

In Fig. 8, time t is taken on an axis of abscissas and 
a potential V is taken on an axis of ordinates. In the waveform 
chart shown in Fig. 8 ,^alternating^is (perf ormedjjby reversing^w 
polarities with respect to the common potential Vcom of the 
video signal for every 1 frame period FL . To focus on^iie^specif ic 
pixel in the display region AR3 in which (thej vertical smear 
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is generated, with respect to the scanning signal line potential 
VGL of the row, the selection level of the scanning signal is 
applied for every frame period FL. A fixed common potential 
Vcom is applied to the counter electrode CT. At the beginning, 
the video signal line potential VDL assumes a certain half-tone 
potential as the video signal. Then, when the thin film 
transistor TFT assumes the ON state in synchronism with^the 
scanning signal, a pixel electrode potential VPX of the specified 
pixel follows the video signal line potential VDL. When the 
supply of the scanning signals is finished and the thin film 
transistor TFT is turned OFF, the pixel electrode PX tries to 
hold the potential. 

However, when the scanning sequentially advances and the 
scanning of the display region AR2 is about to be performed, 
the video signal line potential VDL is changed to the potential 

A 

parasitic capacitance Cds, the pixel electrode potential VPX 



of the white display level. Here, due to the presence of 



of the previously-mentioned specified pixel is also changed 
correspondingly . Th is brings about the vertical smear^. ^ 
v On the other hand, as shown in Fig. 9, gincej^the video 
signal line potential is not changed during 1 frame period FL 
in the display region AR1 , the pixel electrode potential VPX 

A 

is not^alsoj changed. 

Here, the voltage change level AV attributed to (the) 
vertical smear can be expressed by^f ollowing f ormulajprovided 
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that the difference between the pixel electrode potential VPX 
and the video signal line potential VDL is set as Vt . 

AV = Cds /(Cstg + Clc + Cds) x Vt 
|d — ■ — Accordingly, to decrease the voltage change level AV, 



it is possible to^takej either Jone of)decreas«iflf«j the parasitic 
capacitance CdSj{and) increasttft^r the j|( storage capacitance Cstg 
+ liquid crystal capacitance Clc). 

When the jt definition of the liquid crystal panel is 
increased, the pixel size becomes^ miniaturized^and^hence, (In) 
{th^ inside of the pixel, the area for forming the storage 
capacitance Cstg and the area for forming the liquid crystal 
capacitance Clc are restricted. Accordingly, in such a case, 
it is advantageous to apply the present invention^ which can 
reduce the parasitic capacitance Cds. 

When [thejpolycrystalline silicon is used as [a^material 
for a semiconductor layer of the thin film transistor TFT which 
constitutes the switching element, (t^e^high def initiori^can be 
realized. In such a case, it is preferable to apply the present 
invent ion(which^can reduce (the)vertical smear|. It is needless 
to say that the present invention is not limited to such a case^ 
and the present invention is naturally applicable to a case 
in which amorphous silicon is used as (a)y material of the 
semiconductor layer . 

[Fourth Embodiment] .a 

Fig. 10 is a^viewjjshowing th^Jwhole schematicjconstitution 
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of the TFT substrate in jth^i fourth embodiment of the liquid 
crystal display device of the present invention. 

On one substrate SUB1 Tout] of a pair of substrates (whicRy^M 
(sandwich) a liquid crystal layer LC ([therebetween, a plurality 
of scanning signal lines GL, a plurality of video signal lines 
DL which cross the plurality of scanning signal lines GL, and 

a plurality of pixels(not shown in the drawing^which are arranged 

A A 

in a matrix array in the display region AR are formed. Storage 

lines STL for generating the storage capacitance Cstg are also 

formed on the substrate SUB1 and a common potential Vcom is 

applied to the storage lines STL. 

A scanning signal driving circuit GDR^ which/applies) 

scanning signalsjis connected to the scanning signal lines GL 

J o\ Wf 

and sequentially perf orms[the) scanning^. A video signal driving 

circuit DDRj which (applied) J video signalsiis connected to the 

video signal lines DL. 

Either one or both of the scanning signal driving circuit 

GDR and the video signal driving circuit DDR can be directly 

formed on the substrate SUBl in parallel with(a^step (for^f orming 

the thin film transistors TFT in the pixels^using thin film 

transistors made of polycrystalline silicon^so as to assemble 

a peripheral circuit incorporated type liquid crystal display 

device. k "the present invention is not limited to such a liquid 
* A 

crystal display device. That is, these driving circuits may 

ik 

be supplied in^atyf orm of semiconductor integrated circuit chips 
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and may be directly mounted on the substrate SUBljOr^may be 
connected to the substrate SUB1 using a flexible printed circuit 
board (FPC) or a tape carrier package (TCP) . 
[Fifth Embodiment] 

Fig. 11 is ajviewj^showing the|whole schematic^constitution 
of jthej^f ifth embodiment of the liquid crystal display device 
of the present invention. 

In Fig. 11, a substrate SUBl and a counter substrate SUB2 
are laminated to each other using a sealing material SL (while) 
(sandwichingj a liquid crystal layer LC^therebetweer^. Further, 
a backlight BL is arranged at a side of the substrate SUBl opposite 
to the liquid crystal layer LC^andAilluminatesJa^liquid crystal 
display panel f rom (^back side (side opposite to a viewer). 

This embodiment illustrates a case which adopts a partial 
transmissive type liquid crystal display device, so that it is 




limited to such a liquid crystal display device. That is, ^i^^^^ 4 ^^ 

(embodimen^may be applied to^he^transmissive type liquid crystal 

display device^. 

[Sixth embodiment ] 

Fig. 12 is a^plan viewlshowing one example of the (schematic) 
°\ \ 

constitution of (the)^pixel in(the)^sixth embodiment of the liquid 
crystal display device of the present invention. Fig. 13 is 
a cross-sectional view taken along a line C-C in Fig. 12. Fig. 
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14 is a cross-sectional view taken along a line D-D' in Fig. 

12. In this embodiment , parts which are common with the parts 

of the other embodiments which have been explained heretofore 

are indicated by^same symbols .and ^their^repeated explanation^ 

u^U J 
{is^omitted. 

The constitution jin Fig. 12 (whicK) differs from the 
constitutions of other embodiments (lies} in that^a^width of the 
video signal line DL is not fixed. Particularly , at a portion 
of a contact hole CHl^through which an electrical connection 
between the video signal line DL and a light shielding film 
SLD is established, the video signal line DL has a larger width 
than^ahwidth in other portions thereof. Thia/provisiorD is|made)f^ urN/Xi ^ 
to ensure (thej^connection area and to Jper format he connection 
surely by taking th^fnisalignment or the like into consideration.. 

In this case, since the parasitic capacitance Cds between 
the video signal line DL and the pixel electrode PX (in this 
embodiment, reflective electrode PXR) is increased, it is 

preferable to set the number of connection portions^as small^ 

' \ 

as possible . Accordingly, this embodimertt adopts^the^tructure 
which connects the video signal line DL and a light shielding 
film SLD onlj^at one portion. 

From [^viewpoint of reducing the parasitic capacitance 
Cds, it is preferable that [an^area of the portion where the 
light shielding film SLD and the pixel electrode PX (reflective 
electrode PXR) (are^overlapjjj&ft^to} each other is set^larger than 
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jaii^area of the portion where the video signal line DL and the 
pixel electrode PX (reflective electrode PXR) jare^overlapjliltt! 

^to} each other. 

Further, at portions where the light shielding film SLD 
is not formed, the width of the video signal line DL is increased 



and(I^ over lapftW^ with the pixel electrode (reflective electrode 
PXR)^ thus performing the^ light shielding. 

Next, one example of the structure of the thin film 
transistor TFT. which constitutes one example of the switching 
element used in (the) A pixel jls)j explained. (Th^explanation is 
made in conjunction with a case in which polycrystalline silicon 
is used as Ja^material of a semiconductor layer of the thin film 
transistor TFT. 

Over a semiconductor layer, a gate electrode GT is formed 
by way of a gate insulation film GI . A semiconductor layer 
below the gate electrode GT constitutes a channel region PSC. 
Further, a drain region SD1 and a source region SD2 are formed 
by doping impurities into the semiconductor layer. In the 
vicinity of an end portion of the gate electrode GT, an LDD 
(Lightly Doped Drain) region LDD^which is doped with impurities 
having^ concentration flower than the concentration of the 
impurities doped in the drain region SDl^and the source region 
SD2 is formed. In place of such a structure, it is also possible 
to form an offset region which exhibits the same state as the 
channel region PSC. A first insulation film INI is formed such 
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that the first insulation film INI covers them. To the drain 
region SDl, a drain electrode SD3^ which is formed integrally 
with the video signal line DL through the contact hole CH2jis 
connected. On the other hand, to the source region SD2, a source 
electrode SD4 is connected by way of the contact hole CH3 . A 
second insulation film IN2 is formed such that the second 
insulation film IN2 covers them. Over the second insulation 
film IN2, a transparent electrode PXT is formed^ and the 
transparent electrode PXT is connected to the source electrode 
SD4 by way of the contact hole CH4 . A third insulation film 
IN3 is formed above such^ja constitution). Above the third 
insulation film IN3, a reflective electrode PXR is formed. Here, 
the reflective electrode PXR is connected with the transparent 
electrode PXT in an opening 0P2jf ormed in the third insulation 
film IN3. However, jthin film transistor is not limited to such 
a constitution. That is, another contact hole may be formed l 
and the reflective electrode PXR ^connected to the transparent 
electrode PXT or the source electrode SD4 using such a contact 
hole . 

In Fig. 14, the storage line STL generates the storage 
capacitances Cstg between the storage line STL and the 
capacitance electrode PSE, between the storage line STL and 
the source electrode SD4, and between the storage line STL and 
the transparent electrode PXT. Here, the capacitive electrode 
PSE is a semiconductor layer which becomes conductive by being 
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doped with impurities and is integrally formed with the source 
region SD2 . As the structure of the storage capacitance Cstg, 
various structures can be used besides the structure of this 
embodimentj and ^also^ they can be modified suitably. 

The constitutional features of any one of the 
above-mentioned first to sixth embodiments can be combined with 
the constitutional features of one or more embodiments unless 
the combination induces ^contradiction . 

As has been explained heretofore, according to the present 
invention, it is possible to obtain ^the) ^display device with 
improved image qualities. 
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